Lib, first identified as a novel beta-amyloid responsive gene in rat astrocytes, has an extracellular domain of 15 leucine-rich repeats (LRRs) followed by a transmembrane domain and a short cytoplasmic region. It is a distinctly inducible gene and is thought to play a key role in inflammatory states via the LRR extracellular motif, an ideal structural framework for protein-protein and protein-matrix interactions. To evaluate potential roles of Lib, we screened various tumors for Lib expression. Lib mRNA expression was high and uniquely expressed in breast tumor tissues, compared to paired normal breast tissues. Lib mRNA was localized in the ductal carcinoma cells and Lib protein displayed a homophilic association on the surface of cultured cells. These data suggest that Lib may play a role in the progression of breast carcinomas and may be a diagnostic marker for breast tumors. Key words: LRR; mRNA expression; breast tumor Proteins with leucine-rich repeats (LRRs) are found in various species with versatile functions, and appear to be involved with specific protein-protein and proteinmatrix interactions including adhesion, target recognition or receptor-ligand binding.
Proteins with leucine-rich repeats (LRRs) are found in various species with versatile functions, and appear to be involved with specific protein-protein and proteinmatrix interactions including adhesion, target recognition or receptor-ligand binding.
1−3 An LRR protein induced by beta-amyloid-treatment (Lib) was first isolated from a beta-amyloid (Aβ) responsive gene library in rat astrocytes (rLib) and the human counterpart cDNA was cloned from fetal brain (hLib). 4 Lib protein is a type I transmembrane protein with 15 LRRs flanked by both N-and C-terminal cysteine-rich regions that form intramolecular disulfide loops, similar to the extracellular binding motifs of some adhesion proteins and receptors. 1−3 In our previous study, rLib was found as a distinctly inducible gene, responsive to Aβ as well as proinflammatory cytokines, and very weak hLib expression was observed in most human normal tissues, with the exception of placental tissue. 4 Aβ is a principal element in senile plaques in the brains of patients with Alzheimer's disease and is an inflammatory activator of glial cells, inducing migration toward plaques and extension of their processes into the lesions.
5−9 The induction of Lib by inflammatory pathways and its domain structure support the notion that Lib may play a role in cell-cell and/or cell-extracellular matrix interactions in inflammatory settings. These interactions are particularly relevant in proCommunicated by Michio Oishi * To whom correspondence should be addressed. Tel. +81-285-51-2387, Fax. +81-285-51-2226, E-mail: satohj7i@daiichi pharm.co.jp gression of tumors. The current study evaluates hLib expression in various tumors by expression profiling and in situ hybridization.
To investigate hLib expression in tumors, cDNA samples from cancerous and paired normal tissues were screened with a probe for hLib (Fig. 1A) . Of the tissues screened, hLib expression was strikingly prominent in breast tumor tissue relative to normal tissue from the same patient. Quantification of the data after normalization to a housekeeping gene reveals the specific induction of hLib in breast tumor tissue (Fig. 1B) . A significant majority of samples from breast tumors showed a ≥2-fold induction in hLib expression (84%, 42 of 50 patients). Of these samples, 72% had ≥3-fold induction of hLib expression compared to their paired normal tissue sample. The high percentage of tissues from other organs with low T/N ratios (<2) supports the specificity of the response in breast tissue. These results obtained with the hLib 1470-1746 cDNA probe were reproducible with a 870-1470 probe (data not shown). In three patients (3G, 4G, 4H; 3I, 4I, 4J; 3K, 4K, 4L in Fig. 1A ) hLib induction was most prominent in the primary carcinomas (4H, 4J, 4L) with little or no expression in metastatic tissues (4G, 4I, 4K). A recent study describes a role for hLib (a.k.a., LRRC15) in tumor invasion using a tumor cell line.
10 If this remains true under in vivo conditions, the lack of hLib expression in metastatic tumors suggests that differential regulation of hLib in the primary tumor may contribute to the metastatic process.
Cellular expression of Lib in breast tumor tissues was evaluated by in situ hybridization analysis using a breast cancer tissue array purchased from Superbiochips Lab (lot#CB2). Pathologically defined non-necrotic carcinoma sections (n=33) were analyzed. The RNA probes were generated from PCR-amplified 305 bp hLib cDNA tissues, proliferating ductal epithelial cells invaded stromal compartments (Fig. 2, left) . In situ hybridization with the hLib anti-sense probe revealed that high levels of hLib mRNA was limited to the ductal carcinoma cells (Fig. 2, center) . hLib mRNA signal was not observed in stromal compartments of the cancer tissues nor in normal breast epithelial tissues. Similar prominent epithelial hLib expression was found in 22 of 33 patients screened (data not shown). As a negative control, no signal was observed in tumor or normal breast tissues treated with the sense probe (Fig. 2, right) . Because 3q29, the chromosomal location of hLib, has not been reported as an amplified region in breast tumors, upregulation of hLib mRNA occurred in the ductal epithelial cells may be attributable to some transcriptional activation machinery, as observed in desmoplastic small round cell tumors.
10
For characterization of hLib protein, its ability to form homophilic complexes on the cell surface was investigated because several LRR proteins are known to form homophilic or heterophilic complexes.
11 −15 In transiently transfected COS-7 cells, hLib gene products were detected in two molecular forms using either anti-V5 or M2 anti-Flag antibody (Fig. 3A) . These bands were not detected in lysates from cells transfected with mock plasmid (pcDNA3.1/V5-His or pCMV-Tag4) (data not shown). To identify which is the cell surface molecule, the cell surfaces were biotinylated and the lysates were purified with avidin beads for western blotting (Fig. 3B) . The larger 75 kDa was specifically biotinylated and detected, indicating this form is expressed on the cell surface, whereas the smaller 65-kDa form remains intracellular. The smaller product observed in the transfected COS-7 cells may be an SV40 large T antigen-affected over-produced immature molecule before glycosylation.
From the co-transfected cells, V5-tagged hLib was immunoprecipitated with Flag-tagged hLib (Fig. 3C , left, lane 1), but was not observed when lysates from the singly transfected cells were mixed (Fig. 3C, left, lane 3) . Surface localization of the higher molecular weight form was confirmed by avidin blots of the immunoprecipitated surface biotinylated lysates (Fig. 3C, right) . The different sized hLib forms did not appear to associate within the cells. Collectively, these observations suggest a homophilic association of surface-expressed hLib molecules. Although the functional significance of hLib homophilic associations remains to be clarified, this may influence the functional efficiency of Lib, as in the case of homomeric and heteromeric forms of neural target recognition LRR molecules, 12,14 TLRs 11,16−18 and glycoprotein Ib-V-IX complexes.
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Breast cancer is a leading cause of cancer deaths among women and significant research efforts to elucidate the molecular basis for the disease are ongoing, including comparative gene expression profiling. 21−24 The highly positive ratio of hLib expression in breast tissue raises the possibility that this molecule may serve as a diag-nostic marker for breast cancer, particularly since hLib gene expression is very low in normal tissues. Although additional studies are needed, hLib appears to be involved in breast malignancies and may play a role in the metastatic process. Development of a detection system for this molecule and further functional analysis may provide insight into novel strategies for early breast cancer detection and therapeutics.
